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Chromosome 7q: Where Autism Meets Language Disorder?
Susan E. Folstein and Raymond E. Mankoski
Department of Psychiatry, New England Medical Center, Boston
On the basis of evidence from twin and family studies,
both autism and developmental language disorder—also
referred to as specific language impairment (SLI)—are
believed to be genetically mediated. The genetic mech-
anisms involved, however, are not clear. For example,
the prevalence of autism is currently estimated at 1/1,000
(Fombonne 1999), whereas the recurrence risk in fam-
ilies is 6%–8% (Santangelo and Folstein 1999). On the
basis of combined data from three population-based
twin studies, the concordance rate for MZ twins is es-
timated to be ∼65%, contrasted with a concordance rate
of 0% in DZ twins (Bailey et al. 1995). Presumably, the
DZ rate of 0% is a type II error, since the combined
samples contain !100 pairs. Heritability is estimated at
1.90, and there is no convincing evidence for perinatal
or other environmental risk factors. Genetic modeling
based on these data has been consistent with a model
of oligogenic inheritance with epistasis (Pickles et al.
1995).
Twin and family studies also suggest a genetic com-
ponent to the etiology of SLI. Family studies report rates
of language and reading disorders in first-degree relatives
of children with SLI to be much greater than the esti-
mated population frequency of ∼7%. In the only study
that used the family study rather than the family history
method, 30% of the fathers and brothers and 12% of
the mothers and sisters of probands met criteria for SLI
(Tomblin and Zhang 1999). Twin studies have found
higher MZ than DZ concordance rates. MZ concor-
dance rates are estimated at ∼70% and DZ rates are
estimated at ∼45% (Lewis and Thompson 1992; Bishop
et al. 1995; Tomblin and Buckwalter 1998). Heritability
estimates calculated from these data (0.45) are some-
what lower than those calculated for autism, and the
MZ-DZ proportions of SLI are not inconsistent with
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single-gene models (Bishop et al. 1995; Tomblin and
Pandich 1999).
A number of research groups have been actively
searching for genes that contribute to autism and SLI.
Two studies in this month’s Journal report evidence for
loci on 7q31 that may be important in the genetic eti-
ologies of autism and SLI. Association of this region with
autism has been suggested in four linkage studies (In-
ternational Molecular Genetic Study of Autism Con-
sortium 1998; Ashley-Koch et al. 1999a; Ashley-Koch
et al. 1999b; Collaborative Linkage Study of Autism
1999; Philippe et al. 1999), prompting the search for
autistic individuals who have translocations in this re-
gion. In one article, John Vincent and his colleagues
report their characterization of a novel gene on 7q31
that they call RAY1 (2000 [in this issue]). This gene was
interrupted at the breakpoint of a translocation found
in a person with autism. Unfortunately, they did not find
any mutations in the coding regions of this gene in an-
other 27 autistic individuals examined. However, the
other side of the translocation occurs at chromosome
13q21, in a region with a suggestive linkage signal for
autism (Collaborative Linkage Study of Autism 1999).
In the other article, Lai et al. (2000 [in this issue])
report progress toward narrowing the SPCH1-gene re-
gion on 7q31. The presence of this locus was inferred
from linkage analysis of a single kindred, “KE.” First
reported in 1998 (Fisher et al. 1998), affected members
of the KE family have a severe disorder of speech and
language, presumably without any features of autism,
although this has not been specifically reported. This
disorder segregates as an autosomal dominant trait, and
the original LOD score was 6.62. In this month’s Jour-
nal, Lai et al. report substantial progress toward local-
izing the gene responsible for this family’s disorder. They
have assembled a contig map of the region and, using
positional cloning methods, have narrowed the interval
of interest to ∼6–7 Mb. They have also analyzed the
breakpoints of translocations involving 7q31 from two
unrelated cases that were phenotypically similar to af-
fected members of the KE kindred. In one of the two
cases, the breakpoint was within their narrowed interval
of interest. No mutations in affected members of the KE
kindred were found in the known coding regions of the
most likely candidate gene, CAGH44.
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Given that the two regions of interest overlap sub-
stantially, the question arises as to whether there exists
a single gene on 7q31 that is involved in both autism
and SLI. These two clinical syndromes are, by concept
and definition, distinct. Autism is defined by the failure
to develop social relationships, with abnormal social use
of language (pragmatics), while SLI is defined by ab-
normalities of language structure, in the absence of au-
tism (Tager-Flusberg 1999). Children with language dis-
orders are, for the most part, said to interact socially
within the limitations imposed by abnormalities of ver-
bal fluency, vocabulary, grammar, and phonology (the
ability to pronounce words accurately). Children with
autism may have perfectly normal fluency, vocabulary,
grammar, and phonology, but they have little or no in-
terest in using language for social communication.
Notwithstanding the clear diagnostic distinction, there
is, in practice, considerable overlap between the phe-
notypes of the two disorders. While abnormalities of
language structure are not essential to the diagnosis of
autism, a substantial number of children with autism do
have abnormalities of fluency, vocabulary, grammar, and
phonology (Tager-Flusberg 1999). Perhaps a third of
children with autism never develop speech at all (Rapin
1997). Language abnormalities are also found in family
members. About 25% of the parents and siblings of
autistic children, compared with 5%–10% of controls,
have delayed onset of speech or trouble learning to read
(Fombonne et al. 1997; Folstein et al. 1999). Family
members with such a history have lower verbal intelli-
gence scores and score worse on spelling and on difficult
reading tests, compared to family members without de-
velopmental delays of language onset and reading (Fol-
stein et al. 1999). This is suggestive of a relationship
between autistic language impairment and the language
impairment of SLI.
Given the report of linkage to 7q31 in the KE family
and a positive test for association in another sample of
children with SLI (Tomblin et al. 1998), the Collabo-
rative Linkage Study of Autism tested the hypothesis that
the weakly positive linkage signal they obtained at 7q22-
31 could be attributed to a subset of their 75 multiplex
families in which both probands had markedly delayed
onset of speech. In this analysis, they classified any par-
ent who had delayed speech or trouble with reading or
spelling as affected. The 50 families in which both pro-
bands had delayed onset of speech accounted for vir-
tually all of the signal at 7q31, and the LOD for the 50
families was higher than that for the combined sample
(Collaborative Linkage Study of Autism 1999, unpub-
lished data). This finding supports the possibility that a
locus near 7q31 is one of the causes of both autism and
SLI. However, the region suggested by the Collaborative
Linkage Study of Autism linkage data and by other ge-
nome screens for autism is not nearly as well localized
as is the SPCH1 area, and the possibility exists that the
regions responsible for the two phenotypes may not rep-
resent the same locus.
Just as there is a greater-than-expected prevalence of
language disorder in the families of autistic children,
there also appears to be a greater-than-expected prev-
alence of autism in the siblings of probands with SLI.
In an epidemiologically ascertained sample of children
with SLI, Tomblin and colleagues evaluated the siblings
of SLI probands for autism. They found a prevalence of
autism among the siblings of SLI probands of ∼3% (Haf-
eman and Tomblin 1999). This is the same prevalence
of autism that is seen in the sibs of autistic probands
and is much higher than what would be expected by
chance, given the prevalence of autism in the general
population (∼0.1%).
Not only are there more than the expected number of
families who have children with both disorders, but there
are some cases in which the features of both autism and
developmental language disorder overlap. In a pioneer-
ing study that compared children with autism to children
with developmental language disorder, Rutter and his
colleagues found that they could not assign some of the
children into a distinct diagnostic category (Bartak et al.
1975, 1977; Cox et al. 1975). The children from this
study have recently been reexamined as adults, and it is
interesting to note that even those subjects who were
unequivocally diagnosed with language disorders with-
out autistic features during childhood have had signifi-
cant social difficulties as adults (Howlin et al., in press).
Although some of the data are circumstantial or pre-
liminary, autism and SLI appear to be genetically related;
both disorders occur much more often than expected by
chance within the same family, and some cases exist that
have phenotypes that cannot be distinctly differentiated.
Thus, it is tempting to speculate that the two conditions
have some genes in common (Folstein 1999). This would
be consistent with the oligogenic models proposed for
autism, where genes that confer susceptibility—which are
expected to be common in the population—assort in var-
ious combinations, leading, perhaps, to a range of phe-
notypes including those as severe as autism and SLI. Other
phenotypic evidence also supports this idea. Some indi-
viduals with very mild autism, recently called Asperger
syndrome, have entirely normal structural language but
have marked rigidity, circumscribed interests, and very
poor social instincts (Wing 1981, 1986; Klin et al. 2000).
Similar, but milder, traits have been observed in the par-
ents and siblings of autistic probands in several case-con-
trol studies. These traits are called “the Broader Autism
Phenotype” (Eisenberg 1957; Landa et al. 1991, 1992;
Gillberg et al. 1992; Ozonoff et al. 1993; Bolton et al.
1994, 1998; DeLong 1994; Le Couteur et al. 1996; Fom-
bonne et al. 1997; Folstein et al. 1999).
Researchers in autism genetics are hoping to use the
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emerging information about other disorders and the re-
liably measurable language and personality traits found
in family members of autistic probands (Folstein et al.
1998; Folstein and Santangelo 2000) as a means of add-
ing power to linkage analysis in this condition in which
large kindreds are rare, and even affected sib pairs are
fairly sparse.
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